The area of forensic entomology has developed to become an increasingly important aspect of forensic science. Insect larvae and adult insects found on human corpses can provide crucial information for the post-mortem interval (PMI) estimation. In July 2010, a decomposing female corpse was found in Xiangjiang River of Changsha section. The main larvae found on the corpse were identified to be Boettcherisca peregrina (Robineau-Desvoidy) by morphologic observation and were then confirmed by mitochondrial DNA sequence. Based on the experimentally obtained entomological evidence, PMI of the female was concluded between 90 and 120 hours. However, eyewitness reports finally confirmed that the elapsed time since death were 128 hours. This case indicates that PMI estimation in terms of the period of insect activity (PIA) is very complicated and concern many factors such as insect species characteristics, weather and seasonality, geographic region. The interaction between forensic entomologists and pathologists in death cases where insects are associated with remains should be encouraged.
F orensic entomology is the broad field where arthropod science and the judicial system interact [1] . When larvae (maggots) of necrophagous flies infest a human corpse, their stage of development and the determination of their species can be used to estimate the minimum post-mortem interval (mPMI) of the corpse. In China, the occurrence of carrionrelated insects has been known to include dipteran flies such as Sarcophagidae, Calliphoridae and Muscidae. Closely related carrion species can substantially differ in growth rate, diapause response, or ecological habits [2] . Accurate identification of insects collected from the corpse is an essential requirement for forensic investigations. However, precise and rapid species identification based on the morphological keys at the immature stages is extremely difficult for almost all forensic scientists within their routine work in China [3] . DNA-based methods can be used as a supplemental means of morphological method in species identification, as it can be carried out on any lifecycle stage without further rearing and on dead, preserved or live samples [4] .
The major advantage against the standard methods for the determination of the early PMI is that arthropods can represent an accurate measure even in later stages of the PMI when the classical forensic pathological methods fail [5, 6] . Case studies demonstrating entomologists' ability to accurately estimate the PMI have been published in books [7] , research articles [8, 9] . The age of the larva is determined by comparing its size or stage of development with published growth data from larva of the same species at a temperature the same or similar to the death scene. However, arthropod-based PMI predictions are acknowledged to be associated with a number of assumptions, which can lead to severe deviations from the true PMI if violated [10] .
In this study, we present details of a case in Hunan (central-south China) in July 2010. The most numerous larvae found on the corpse were identified to be Boettcherisca peregrina (Robineau-Desvoidy) by morphologic observation and were then confirmed by mitochondrial DNA (mtDNA) cytochrome oxidase subunits one (COI) sequence. We have conducted PMI experiments in Changsha by disposing animal carcasses for 5 consecutive years (2007 to 2011). Although the PMI was pinpointed by referring to the previous experiments that had been carried out under similar circumstances, the result turns out to be unsatisfactory. On the one hand, PMI estimation of drowning case is more complex. On the other hand, how to change insect evidence into standards and targets to quantify the time since death still needs great efforts for the scholars who work in the forensic area.
CASe report
A quarter to ten am, in July 23, 2011, the body of a 35-year-old female was found in Xiangjiang River of Changsha section (112.17°E, 28.28°N). The river of this section is about 150 m wide and flows slowly from south to north (Fig. 1A) . The deceased was lying next to the east bank (Fig. 1B) , which inclines at a 45 degree angle. The bank is covered with sparse vegetation and no obvious mark of human activity could be found. The corpse was clothed in blue T-shirt and blue jeans. The corpse was highly decomposed and no fatal puncture wound was observed. Head was mostly skeletonized (Fig. 1C) , while the skin of chest, abdomen, buttock and double lower limbs were basically intact. No puparium were found at the scene. The body was transported to the local funeral home for forensic examination and autopsy. Insect larvae were found on the corpse, and particularly on the back (Fig.  1D ) and larvae were collected. Larvae activity causes back tissue to become riddled with holes. According to forensic autopsy and diatoms assay, the cause of death was diagnosed as drowning, while the estimation of PMI was puzzled the investigators.
Estimation of the PMI
The larvae were collected from the corpse during autopsy. Thirty larvae of third instar were selected at random. These larvae varied from 11 mm to 17 mm. Fifteen of them were taken back to laboratory and identified to be Boettcherisca peregrina (n=11, mean length = 15.5 mm, range 14-17 mm) and Chrysomya megacephala (n=4, mean length = 11.5 mm, range 11-12 mm) using morphological keys [11, 12] . The specimens were observed under a stereomicroscope to identify the species based on mouth-hook, spine bands, anterior and posterior spiracles. Other fifteen larvae were also identified to be Boettcherisca peregrina and Chrysomya megacephala using morphological keys. Then DNA of the samples was extracted using QIAamp tissue columns (Qiagen Inc., Valencia, CA) following the manufacturer's instructions. The segment of 272-bp COI was amplified and sequenced for the DNA samples from all of the maggots remaining. The PCR amplification primers and conditions used are described in [13] . The resulting sequences were compared with the Diptera sequences in the NCBI web site by Blast function and the results were consistent with the morphological identification. Representative sequences have been deposited in GenBank by Sequin (http://www.ncbi.nlm.nih.gov/ Sequin/index.html) and their accession numbers are listed here (JF416536, HM016680, GU145202, GU145212, GU145209, HM016676, FJ746479). The results will be instrumental for the implementation of the Chinese insect database.
The PMI of this case is composed of three periods as I, II and III. Period I started from the female submerged in the water to it resurfaced. Period II started from the body surfaced from water to the first fly reached to the body and lay eggs or larva on it. Period III is the period of insect activity (PIA), defined as the time from insect colonization until discovery of the remains [10] . The weather records of the region were at 32 o C daily average and 70 % relative humidity in the recent days (Source: China Meteorological Administration [CMA] website), while the water temperature was at 24 o C daily average (Source: Changsha City Bureau of hydrology website).
The time required for the body to surface from the water is primarily dependent on water temperatures and typically decreases with depth [14] . We had conducted PMI experiments in the same region by disposing animal carcasses. With fairly warm temperatures (when average air temperature was 32 o C and average water temperature was 24 o C), as was the case for Xiangjiang River in July, a body would be expected to surface within 18 to 30 hours [15] . Estimation of the Period II is currently problematic, this period is generally overlooked in the literature [16] . According to the previous studies [15, [17] [18] [19] (Fig. 2) , it took at least 96 hours for Boettcherisca peregrina to develop to 17 mm of third instar at a constant breeding temperature of 28°C, while it took at least 83 hours for Chrysomya megacephala to develop to 12 mm of third instar at the same condition. Based on the above data, the PMI of the female was concluded between 101 and 126 hours.
According to this PMI estimation, the investigation's scope was narrowed and soon eyewitness reports indicated that the female elapsed time since death was about 119 to 121 hours. Half past eight a.m., in 18 July, a fisherman saw the deceased talking on mobile phone by the River and she disappeared half an hour later. A friend of the deceased confirmed that her mobile phone had been turned off since eleven a.m. in 18 July.
DISCuSSIon
The U.S. National Research Council issued a report in 2009 that heavily criticized the forensic sciences [20] . In numerous problems encountered in forensic science, the PMI is of central importance and yet difficult to estimate. Up to now, no objective and accurate method is offered for the estimation of PMI, especially for late stage after death and decomposed corpse. The fact that insects and other arthropods contribute to the decomposition of corpses and even may help to solve killings is known for years. By calculating their developmental stage, flies are useful in estimating the mPMI, however, we must keep in mind that this mPMI is not the actual PMI.
The real PMI can be divided into 2 periodsprecolonization interval (pre-CI) and postcolonization interval (post-CI) [10] . In this case, pre-CI includes periods I and II, while post-CI corresponds to period III. Compared with common cases, the situation here was somewhat different and more difficult to interpret, because the body had been under water for some time and surfaced in a different physiological state than would have occurred if the victim had just been killed minutes earlier and never exposed to water. In addition to water temperature, other factors which affect the rate of decomposition in water include bacterial content and salinity [1] . A corpse submerged in fairly warm and eutrophic water such as the River in this case will decompose more rapidly than a corpse in relatively cooler water with a lower bacterial count [14] . Of course, the weight of the body and the clothes should also be taken into consideration.
Under different environmental conditions, the pre-CI stage lasts several minutes up to hours, or even days. There is only a number of assumption and guesses for this period [21] . The understanding of pre-CI is still superficial, so the estimation of period Ⅱ is currently problematic and we have to overlook it in this case. In fact, in this case the period of insect activity more appropriately indicates the minimum length of time the body resurfaced (Period II and III). Water is one of the main factors to prevent access of the body to insect, oviposition and subsequent development of insect larvae. During floating, if the corpse is close to the land it can be easily predated by terrestrial insects as in this case study. These observations have been well described in previous studies [22, 23] . However, if the pre-CI stage has to be overlooked in every case, we can't deny that there will be severe deviations from the true PMI in some cases. Therefore, how to establish an objective, reproducible, scientific method for the estimation of pre-CI stage become another difficult problem of forensic entomology to be solved.
The Period Ⅲ is the period of insect activity, which will reflect the minimum period of time since death or PMI but will not precisely determine the time of death. We can get to a comparatively exact determination about flies' developmental stages and calculation of the developmental duration before this stage to estimate PMI, based on the developmental features of flies and environmental conditions [24] . Accurate identification of an insect specimen is usually a crucial first step in a forensic entomological analysis. Although B. peregrina can be identified by morphological keys, species-diagnostic anatomical characters are not known for the immature stages of many forensically important insects, and an existing key may be incomplete or difficult for non-specialists to use. The 272-bp fragment of the mitochondrial COI gene in this case displayed that DNA-based method can be used as a supplemental means for morphological method in identification of the common Chinese forensically important flies.
Generally, calliphorid species are the first to locate and oviposit onto corpses, and are among the dominant species found on corpses in China [25] . However, the B. peregrina, which is the most widespread sarcophagid specie associated with cadavers in China, was the dominant specie in this case according to the entomological evidences. The potentiality of sarcophagids for PMI estimations has been well demonstrated in many Studies [26, 27] . In this case, although the female's back was completely wrapped up by her blue T-shirt, female flesh flies of B. peregrina deposit living first instar larvae on decomposition and the larvae could arrive to the tissues of back in a short time after they were deposited. Moreover B. peregrina can fly under inclement conditions that would prevent the Calliphoridae, thus in this case, it may be the first specie to arrive on carrion.
It is generally accepted that there is actually no scientific way to precisely determine the exact period of time since death [10] . What is done in the case of entomology is an estimation of the period of insect activity on the body. This period of insect activity will reflect the minimum period of time since death or PMI but will not precisely determine the time of death. The estimation of the period Ⅲ is currently problematic, which hampered the application of forensic entomology. How to change these achievements into standards and targets to quantify the time since death still needs great efforts for the scholars who work in the forensic area. Forensic investigators already encouraged the interaction between forensic entomologists and pathologists in death cases where insects are associated with remains [2, [28] [29] . In fact, forensic pathologists have usually the legal authority to take charge of the dead body at the dead scene and they are responsible for determining the PMI as well as the cause and manner of death. On the other hand, the forensic entomologist is responsible for determining the period of insect activity. The cooperation among these two professionals has been strongly suggested by forensic entomologists.
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